Objectives: To investigate the epidemiological features of pulmonary tuberculosis in Sichuan Province, China, for the period 2000-2006. Materials and methods: Data from the China Information System for Disease Control and Prevention, the World Health Organization, and the high caseload provinces in China were collected. This was a descriptive study, and the Besag and Newell method was applied. Results: From 2000 to 2006, the incidence rate of pulmonary tuberculosis increased from 54 to 103/100 000, the mortality rate increased from 0.02 to 0.30/100 000, and the case-fatality rate increased from 0.04% to 0.29%. The age groups 20-24, 65-69, and 70-74 years had higher incidences. There were more cases and deaths in males compared to females. Peasants contributed the most to caseloads (64%) and deaths (69%) in the total population. The north and west regions of Sichuan Province had higher incidences. Sichuan had a higher incidence, mortality rate, and case-fatality rate than both the national level and Henan Province between 2001 and 2003. It also had a higher prevalence of active tuberculosis and smear-positive pulmonary tuberculosis than the national level and Guangdong Province after 1990. Multidrug-resistant tuberculosis is a major problem in China compared to India and Indonesia. Conclusions: Sichuan should be the most important province in China with regard to tuberculosis prevention and control, especially for male peasants from the north and west regions and the active pulmonary tuberculosis and sputum smear-positive cases. The major challenge is multidrug-resistant tuberculosis. #
Introduction
It is estimated that there are 8.8 million new cases of tuberculosis worldwide every year, among which 3.9 million are infectious cases, and approximately 2 million will die of the disease. The World Health Organization (WHO) declared in 1993 that world tuberculosis control was an emergency. Tuberculosis has become one of the most significant infectious diseases worldwide. China is among the top 22 high tuberculosis burden countries in the world, and had the second heaviest caseload in 2005, 1 being listed top of the countries that need special consideration.
Sichuan Province, located in the southwest of China, consists of 21 regions and 181 counties, with a population of 86.42 million people at the end of 2005. 2 Sichuan has been ranked as the second largest tuberculosis caseload province in China in recent years. Tuberculosis is in the top two infectious diseases in Sichuan. Although the planned vaccination procedure and the directly observed treatment, short-course (DOTs) have remained unchanged, the trends in incidence and mortality rate have increased.
Comparisons of epidemiological data among high burden tuberculosis countries and studies analyzing epidemiological features of pulmonary tuberculosis over several continuous years at the provincial level in China are sparse. This study aimed to investigate the epidemiological features of pulmonary tuberculosis in Sichuan Province, China, from 2000 to 2006, and to make comparisons with other high burden tuberculosis regions in China and worldwide. This should serve to facilitate the updating of pulmonary tuberculosis control strategies and to improve prevention and treatment.
Materials and methods
This study was based on the China Information System for Disease Control and Prevention (CISDCP), using Sichuan data. The Chinese legal infectious diseases reporting system was established in 1950, and the Law of the People's Republic of China on the Prevention and Treatment of Infectious Diseases was issued in 1989, creating the CISDCP. This system in Sichuan Province covers the whole population (86.42 million people in 2005) as well as three categories of infectious diseases including pulmonary tuberculosis. All the hospitals and clinics in Sichuan Province are obliged to report every newly diagnosed pulmonary tuberculosis patient and any deaths from pulmonary tuberculosis to the local disease prevention and control center. The local center collects data from the hospitals and clinics, checks it, and reports to the upper-level organizations in the same system.
Qualified clinicians make the diagnosis of pulmonary tuberculosis based on the clinical symptoms, results of chest X-ray, etiological detection, and pathological examination. 3 Cause of death is identified through expert group discussion, and deaths from pulmonary tuberculosis must satisfy the following criteria: (1) diagnosed as pulmonary tuberculosis, (2) died from conditions resulting directly from pulmonary tuberculosis.
Operational definitions of the indices: Incidence ratethe number of newly diagnosed pulmonary tuberculosis cases in one region divided by the whole population in the same region during one year. Mortality rate -the number of cases that died of pulmonary tuberculosis in one region divided by the whole population in the same region during one year. Case-fatality rate -the number of cases that died of pulmonary tuberculosis in one region divided by the total number of pulmonary tuberculosis disease cases in the same region during one year.
Besag and Newell's method was used to analyze the spatial distribution to explore if there were clusters in the incidence of pulmonary tuberculosis in the 181 counties of Sichuan Province. This method sets a circle window in which the threshold of the cases is included, and the window moved in the targeted areas, comparing the incidence with the expected value. Statistical analysis was conducted by means of Monte Carlo simulation sampling to identify the high incidence counties in Sichuan. This was accomplished using ClusterSeer 2.2 software. MapInfo 7.0 was used to present the statistical results.
Using data from the WHO and the high caseload provinces in China (Sichuan, Henan, and Guangdong provinces), a comparison was carried out to reveal the features of pulmonary tuberculosis in Sichuan Province.
Results
Epidemiology of pulmonary tuberculosis in Sichuan Province, [2000] [2001] [2002] [2003] [2004] [2005] [2006] Incidence rate, mortality rate, and case-fatality rate The trend in the incidence of pulmonary tuberculosis in Sichuan Province increased from 2000 to 2006. It remained at 54-61/100 000 from 2000 to 2003, then increased considerably and reached 114/100 000 in 2005, after which it dropped to 103/100 000 in 2006. The incidence trend for each of the 21 regions was similar to that of the provincial average level (Figure 1 ). Regions that had higher incidences than the provincial average level included Aba Tibetan and Qiang Nationality Autonomous Region, Ganzi Tibetan Nationality Autonomous Region, Guangyuan, Bazhong, Dachuan, Mianyang, Suining, Guangan, and Luzhou. The sharp increase The significant increases in the mortality rate and the case-fatality rate occurred one year after that of the incidence rate. The incidence rate dropped after 2005, while the mortality rate and the case-fatality rate reached a peak in 2006; it was expected that these would go downward in 2007. An increase in the incidence should alert to the possible upward trend in deaths in the next year, showing that it is of vital importance to speed up information feedback in the disease prevention and treatment system to guide patient treatment, follow-up, and management.
Age distribution
The incidence went up gradually in the 0-4 to 10-14 age groups and thereafter it increased steeply to reach its peak in those aged 20-24, and then decreased. It increased again after 50 years of age to a peak in the 65-69 or 70-74 years age groups, and then decreased. There was a small peak in those aged 40- 
Gender distribution
Taking the denominator female as 1, the gender ratios (male to female) of all cases in 2000-2006 were 1.92, 1.96, 2.14, 2.17, 2.33, 2.36, and 2.35, respectively, and the ratios of deaths were 3.00, 1.69, 4.14, 3.00, 2.54, 2.88, and 3.90, respectively.
Occupational distribution
Peasants contributed the most to new cases of pulmonary tuberculosis with an annual average of 40 768 cases (accounting for 64% of all cases), followed by students (7%), workers (6%), job-waiting (4%), and retired workers (4%) (Figure 4 ). Annual average deaths were highest in peasants, accounting for 69% of the total deaths from pulmonary tuberculosis (107 in total); retired worker ranked second (9%).
Spatial distribution of the new cases of pulmonary tuberculosis
The zone codes of the 181 counties in Sichuan Province, latitude and longitude, new cases, and the exposed population by county for each year were collected, statistical analysis carried out, and the size of a test (a) equaled to 0.05. Figure 5 shows the regions that had significantly higher incidences in Sichuan. It demonstrates that the clustered counties were mainly located in the north and west of Sichuan during the period 2000-2006.
Time distribution
The monthly average new cases of pulmonary tuberculosis fluctuated from 3017 to 7569 with a median of 5379. The sequence from highest to lowest number of new cases was January, March, April, May, June, July, August, February, September, October, November, and December. The monthly average deaths from pulmonary tuberculosis fluctuated from four in December to 14 in August, with a median of nine (Table 1) .
Comparison between Sichuan and other high tuberculosis provinces in China
According to Chinese surveillance data (Chinese Center for Disease Control and Prevention, China Tuberculosis 2005 Annual Report), the three provinces that had the most new cases of pulmonary tuberculosis were Henan, Sichuan, and Guangdong, respectively. This study compared the epidemiological features of pulmonary tuberculosis in these three provinces using two sources of data, i.e., data from the infectious diseases reporting system and cross-sectional surveys.
Comparison of infectious diseases reporting data 4-6 -incidence rate, mortality rate, and case-fatality rate ( Table 2) The incidence of pulmonary tuberculosis increased in the period 2001 to 2003. Sichuan had a higher incidence compared to Henan and the national level throughout this period. The national mortality rate remained stable, and in Sichuan it fluctuated around the national level, but was higher than that of Henan for all years.
The case-fatality rate in Sichuan was higher than that in Henan for the period 2001-2003.
Comparison of infectious diseases reporting datatime distribution
December, November, October, and February had the least new cases of pulmonary tuberculosis in Henan and at the national level (data not presented), while the months with the least average new cases in Sichuan were December, November, October, and September (Table 1) . For example, color 7 means that the county had a higher incidence rate every year throughout the seven years, color 6 means that the county had a higher rate in 6 years during this period, and color 0 means that the county never had an incidence rate higher than the average level between 2000 and 2006. Letters a-u represent the 21 regions in Sichuan Province; these are: a, Ganzi Tibetan Nationality Autonomous Region; b, Aba Tibetan and Qiang Nationality Autonomous Region; c, Mianyang; d, Guangyuan; e, Bazhong; f, Dazhou; g, Guangan; h, Nanchong; i, Suining; j, Deyang; k, Chengdu; l, Ziyang; m, Neijiang; n, Meishan; o, Yaan; p, Leshan; q, Zigong; r, Luzhou; s, Yibin; t, Liangshan; u, Panzhihua. Epidemiological analysis of pulmonary TB, China, 2000-2006
Comparison of infectious diseases reporting data -age distribution
Sichuan had more cases in the young and the middle-aged compared to Henan.
Comparison of infectious diseases reporting datagender distribution
The 2002 reporting data showed that, taking the denominator female as 1, the gender ratios (male to female) of new cases were 2.14, 2.14, and 2.30 at the national level and for Sichuan Province and Henan Province, respectively. Males were more involved than females in all age groups, and the gender difference was obvious ( Table 3 ).
Comparison of cross-sectional surveys [7] [8] [9] Four large-scale cross-sectional surveys were ever carried out in 1979, 1985, 1990 , and 2000 in China. Our study used the 1979, 1990, and 2000 data as representative of the changes over every ten-year period ( Figure 7 ). The prevalence of active pulmonary tuberculosis and sputum smear-positive pulmonary tuberculosis decreased gradually from 1979 to 2000 in Guangdong and the same trend was seen at the national level, whereas it increased from 1979 to 1990 in Sichuan. After 1990, these same indices were higher in Sichuan than those in Guangdong and at the national level.
Sichuan Province is located in the southwest of China, while Guangdong is located in the southeast; the results of Figure 7 Comparison of cross-sectional surveys: China, Sichuan, and Guangdong. ATB, active pulmonary tuberculosis; SS+, sputum smear-positive pulmonary tuberculosis.
the large-scale cross-sectional surveys reveal a gap between the southwest and the southeast provinces in pulmonary tuberculosis prevention and control.
Comparison between China and other high tuberculosis countries worldwide
According to the WHO report, in the year 2005, the top three countries with the highest tuberculosis caseload were India, China, and Indonesia, respectively. 1 The incidence rate, incidence rate of sputum smear-positive cases, prevalence, mortality rate, prevalence of human immunodeficiency virus (HIV) in new adult tuberculosis cases, and multidrug-resistance rates in new tuberculosis cases and in previously treated tuberculosis cases are compared in Table 4 .
China had the highest multidrug-resistance rates in both new tuberculosis cases and previously treated tuberculosis cases. Multidrug-resistance was the main problem in pulmonary tuberculosis prevention and control in China, and is also a major difficulty for global tuberculosis control. This indicates that China could be an important base to research multidrugresistant tuberculosis.
The main problems in India were high prevalence and tuberculosis co-infected with HIV. In Indonesia, the incidence and mortality rates were relatively high.
Discussion
The CISDCP, which covers all the population in China, has been developed over nearly 20 years of practice. To a great extent, the accuracy and timeliness of the data can be relied Peasants constituted more than one half of new cases and deaths, which corresponds to the results of a study at the national level. 9 This is explained, on the one hand, by the fact that Sichuan is a province predominantly dependent on agriculture and 78% of its population lives in rural areas. 10 On the other hand, the gap between peasants and urban citizens in terms of economic status, living conditions, availability of healthcare, education, and awareness of the importance of healthcare might contribute to this significant difference. 11 With regards to spatial distribution, the high incidence counties were clustered in the north and west mountainous regions of Sichuan, where the minority groups of Tibetan and Qiang Nationality live. In these areas, economic development falls far behind that of the provincial average level. Is the onset of pulmonary tuberculosis related to geomorphy, characteristics of the minority ethnic groups, genetic predisposition, economic development, or cultural differences? Further studies are needed to answer these questions.
According to the data from the National Bureau of Statistics of China, 12 the four highest populated provinces in China are Henan, Shandong, Guangdong, and Sichuan. Henan ranked first in terms of new pulmonary tuberculosis cases in 2005, which relates to its large population. However, the incidence, mortality, and case-fatality rates were actually higher in Sichuan than those in Henan.
Sichuan's economic development falls behind that of the eastern provinces in China, and the proportions of pulmonary tuberculosis in the 25-39-year-old labor force in Sichuan were higher than the national level and those in Henan, which aggravates the vicious circle of illness resulting in poverty, poverty hampering economic development, and economic maldevelopment affecting disease prevention and control.
Male cases were greater than female ones in the Chinese population, which is consistent with other populations in lowincome countries, 13 and also in accordance with other studies. 14, 15 The reasons for these differences vary and have included the following factors: smoking (according to the results of the national survey among Chinese people, the prevalence of smoking among males is 66.9% and among females, 4.2%), 4 biological and epidemiological characteristics, 14, 15 alcoholism, drug abuse and males being more likely to become infected, 16 and socioeconomic/cultural barriers in access to healthcare. 17 The results of cross-sectional surveys showed that the prevalences of active pulmonary tuberculosis and sputum smear-positive pulmonary tuberculosis in Sichuan were significantly higher than those at the national level and in Guangdong. The study of Wang et al. 18 demonstrated that the prevalence of active pulmonary tuberculosis increased from the east to the west in China. The prevalence in the eastern region was lower than that of the national level, while the prevalences in the middle and western regions were higher than those of the national level, which is consistent with the results of our study. It demonstrates that tuberculosis prevention and control in Sichuan, especially for active pulmonary tuberculosis and sputum smear-positive pulmonary tuberculosis, should be prioritized in the Chinese tuberculosis control strategy. The comparison among countries showed that the multidrug-resistance rates in both new and previously treated tuberculosis cases in China were higher than those in India, which has the heaviest tuberculosis caseload in the world. This is consistent with other studies showing the problem of multidrug-resistant tuberculosis in China. 19, 20 It is estimated that there are approximately 300 000 to 600 000 new multidrug-resistant tuberculosis cases with an actual number of one million patients every year in the world. The WHO estimates that the multidrug-resistant tuberculosis patients in China account for about one forth to one third of the total in the world, 21 indicating that China should be the focus of global tuberculosis control. Data from the Sichuan survey showed that the multidrug-resistant tuberculosis rate was 28.3% in patients whose sputum was tested, and among those resistant to at least one anti-tuberculosis drug, the proportion of multidrug-resistant tuberculosis patients was 74% (Tuberculosis Control Project Office of Sichuan Province: Compilation of material on tuberculosis control in Sichuan Province, 1991 to 2002). There was a significant increase in the prevalence of multidrug-resistant tuberculosis from 1985 to 2000 in Sichuan Province. 22 The prevalence of multidrugresistant tuberculosis was higher in Sichuan (28%) than the average level of 49 countries (20%), 23, 24 and also higher than those in China and Guangdong, Shandong, Henan, and Zhejiang provinces (10.7%, 2.8%, 2.9%, 10.8%, and 4.5%, respectively). 9, 25 This implies that Sichuan should be a priority for multidrug-resistant tuberculosis control in China. A study conducted in a specialty hospital for pulmonary tuberculosis in Sichuan Province 26 showed that intermittent treatment was the main characteristic in multidrug-resistant tuberculosis patients (52.2%), followed by non-rational therapeutic regimens (18.9%), initial resistance (14.4%), incomplete treatment course (13.3%), and drug withdrawal due to adverse events (hepatic toxicity) (1%). The causes of drug resistance identified in other hospital-based studies in China may be summarized into three categories: doctor-, patient-, and drug-related factors. Studies suggest that multidrugresistant tuberculosis is one of the factors contributing to tuberculosis recrudescence. 14, [27] [28] [29] [30] It has always been difficult and expensive to treat multidrug-resistant tuberculosis, which gives developing countries a double challenge. Great efforts should be made to solve the problem of multidrugresistant tuberculosis, so as to reverse the rising trend of tuberculosis in Sichuan Province.
Our study revealed the epidemiological features of pulmonary tuberculosis in Sichuan Province. Accordingly, the pulmonary tuberculosis prevention and treatment practice in Sichuan should emphasize the following points, to contribute to global tuberculosis control:
1. Strengthen further the governments' responsibility in combating this disease. 2. Policy and finance be targeted towards the povertystricken population (such as residents in the north and west mountainous regions), and those infectious pulmonary tuberculosis cases who cannot afford the treatment expenses be treated free of charge. 3. Implement substantively centralized management by specified departments for pulmonary tuberculosis patients. 4. Speed up the information feedback in the disease prevention and treatment system. 5. Improve high-risk population monitoring (such as peasants), new cases notification, patient management, and contact tracing through better cooperation between hospitals and centers for disease control and prevention. 6. Train the medical staff and educate the community people. 7. Research tuberculosis chemotherapy and vaccine development, as well as early detection of drug-resistant isolates in an attempt to combat this disease.
In conclusion, Sichuan should be the most important province in China with regard to tuberculosis prevention and control, especially for male peasants from the north and west regions and the active pulmonary tuberculosis and sputum smear-positive cases. The major challenge is multidrug-resistant tuberculosis.
